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1^ - ^x^mm^ ' 

A light-emitting diode (LED) structure with electro- 
static discharge (ESD) protection is described. The LED 
structure with ESD protection comprises a substrate, a 
patterning semi-conductor layer, a first electrode, and a 
second electrode. The patterning semi-conductor layer is 
disposed on the substrate, meanwhile the patterning semi- 
conductor layer is divided into a first island structure and a 
second island structure. The first electrode and the second 
electrode are connected between the first island structure and 
the second island structure, respectively. An LED is 
constituted by the first electrode, the second electrode, and 
the first island structure. A shunt diode is constituted by the 
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first electrode, the second electrode, and the second island 
structure; meanwhile the LED and the shunt diode are 
reversed and parallel connected. In the LED structure 
mentioned above, the LED and the shunt diode can be 
fabricated simultaneously so that the LED has the function of 
ESD protection. 

110 : 

120 : mm^it^mmm 
122 : m—M^m'^^'^i^m 

122a : 

122b : mmm 

122c : M — ^^M 

124 : m^m 

126 : m^mmm^m^m 

126a : H — ^MS 

126b : mmm 

126c : 

130 : H — S@ 
140 : Hzirn® 

150 : m-m^^mm 
160 : mr.miij^mm 
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200 : m^=-mn # 
300 : ^m,r.mi^ 
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3^ - ^m^m ' 

^^^m^'^mn — mmyt — m^ ( Hght-emitting 
diode ' LED) ^mmi5^ ' K^mmmmn-mMmmm 

155^ ( Electro-Static Discharge protection » ESD protection) 

* iii-v m7tmit^^'^mmummmf^^m^=:^m 

mm — mMmm (wide bandgap) &^m^7ti^ ' ^nr#/db 

" #7^ — @^7t;f^&5S^ ( Internal quantum 
efficiency) » J^^l TC # 6^ 3^ ^ tB ^ ^ (light extraction 
efficiency ) 'l!P^cH5S"?"^^( External quantum 
efficiency) ° ' 1^ » ^ ^ ^ SI] ^ ^ ^ :^ HjC # 
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m.mmm 



(Electro-Static Discharge, ESD) ^l^iiJ® «> H lit ' 

^m^i'pmmm-myt~mmm~nm=:-mm: ( zener 
Diode) mm ' \^j.m^m^=:^mm^mmnmmmmmm 



iff 



^-mm^mmm^m^mm ^ mrmmmyt-mm 30 

m-mmr-mm 40 mii^ > i:;xm±mm.mmmf^m^-m 
m 30 ®^ ' n^nm=-mmi 40 ^iM^^^f-^ « ^^wis- 

^3fe-@^ 30 V+M V-B# ' 30 IE 

SMft ° ^ffff ' mmmnmmmmmm^m ' itb iii e^i « 

i-^^^^fe-®^ 30 :^^mmnm 

m^mm ib ® > ^^t^:^ 

nai-b^M 34 ^ p mmmMitn 
mf^m lA ffls^ iii-v mmitui 
42 ^ p mmmw 44 isi^m. 



1^ 



1^3 0^^^ 40° Jit^ ' m IB 



° 32 ^ N 

36 i^:SLfl;@ 38a > 38b 

^=-mn 30 : M N mm 

■ 46a ^ 46b lA ffl 

m^m7]k;^^hm 50a^ 50b 



(Solder) urn ' Sdi:^ 50a M 50b P 



mmm^ 44 mtt^^^u n m 



34 ' i^^CS: N 
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mm^ 42 mi^mmm p mmmmitmm 36 . i:;xmf^m ia 
Tfe-Mffisli ' ^m^—^m.=-mm. (shunt diode) 

. @ ^ H - ^ ^ IS ^ "t" 6lj ^ n iL 
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@^^!l$P^Jl§ — ^#S-@^(Schottky diode)^ — ^1^- 
(SiC) ^g,<t^(ZnO) ^^(Si) ^m^tmCGaF} ^ 

e ^ f>0 ; 0<e+f<l ' K^smmi^.M N gy^H ° jit^ ' M» 
S;^#W0ll$P^M AlJndGa,.,.dN ' c > d>0 ; 0<c+d<l » M 

AlJnyGa,.^.yN » x > y>0 ; 0<x+y<l ; x>c » 

Al3lnbGa,.3.bN /Al JnyGa,.,.yN » ^ # ^ ' J. a > b>0 ; 
0<a+b<l ; X - y>0 ; 0<x+y<l ; x>c>a ° ith^ ' ^^tMMtlQ 

-^m N mmm ^ p » mw^itiu^t^ mmmjt 

Al^InbGa^.^.bN /AlJnyGa,.,.yN 4 ^ # |g ' 5. a > b>0 : 
0<a+b<l ; X - y>0 ; 0<x+y<l ; x>c>a » 
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UWMtlU'^t^ Al^InyGa,.,.yN > x > y>0 ; 0<x+y<l : x>c « 

miu^mmm^m^ Aijii,Ga,.„.,N /Ai,inyGa,.,.yN 

ft^M ' R u ^ v>0 ; 0<u+v<l ; X > y>0; 0<x+y<l : x>u » rfo 

m^^mi^mm > m -mmj^um mm ti/ai ^ 

Ti/Al/Ti/Au > Ti/Al/Pt/Au ^ Ti/Al/Ni/Au ^ Ti/Al/Pd/Au ^ 
Ti/Al/Cr/Au > Ti/Al/Co/Au - Cr/Au ^ Cr/Pt/Au ^ Cr/Pd/Au - 
Cr/Ti/Au - Cr/TiWx/Au ^ Cr/Al/Cr/Au ^ Cr/Al/Pt/Au ^ 
Cr/Al/Pd/Au - Cr/Al/Ti/Au ^ Cr/Al/Co/Au ^ Cr/Al/Ni/Au ^ 
Pd/Al/Ti/Au ^ Pd/Al/Pt/Au > Pd/Al/Ni/Au - Pd/Al/Pd/Au > - 
Pd/Al/Cr/Au > Pd/Al/Co/Au ^ Nd/Al/Pt/Au > Nd/Al/Ti/Au > 
Nd/Al/Ni/Au > Nd/Al/Cr/Au Nd/Al/Co/A ^ Hf/Al/Ti/Au - 
Hf/Al/Pt/Au ^ Hf /Al/Ni/Au > Hf/Al/Pd/Au ^ Hf/Al/Cr/Au ^ 
Hf/Al/Co/Au - Zr/Al/Ti/Au ^ Zr/Al/Pt/Au > Zr/Al/Ni/Au - 
Zr/Al/Pd/Au ^ Zr/Al/Cr/Au ^ Zr/Al/Co/Au ^ TiN^/Ti/Au > 
TiN,/Pt/Au ^ TiN^/Ni/Au - TiN^/Pd/Au ^ TiN^/Cr/Au - 
TiN^/Co/Au TiWN^/Ti/Au - TiWN^/Pt/Au - TiWN^/Ni/Au - 
TiWN^/Pd/Au > TiWN^/Cr/Au > TiWN,/Co/Au > NiAl/ Pt/Au > 
NiAl/Cr/Au ^ NiAl/Ni/Au - NiAl/ Ti/Au - Ti/NiAl/ Pt/Au > 
Ti/NiAl/ Ti/Au ^ Ti/NiAl/Ni/Au ^ Ti/NiAl/Cr/Au » 
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myt-mmmm ' mr^mmj^ummm^^ Ni/Au>Ni/pt > 

Ni/Pd - Ni/Co - Pd/Au - Pt/Au ^ Ti/Au ^ Cr/Au > Sn/Au - Ta/Au - 

TiN ^ TiWN, wsi^ » =:-Mm^U Wlff"^^ — ^ MM 

MM.itMMtl-U'^lt^ ITO^ CTO> ZnO:Al' ZnGa204^ SnOjiSb - 
GazOjiSn > AglnOziSn ^ InzOjiZn » M P M M ^ ffi; ^ ft 
M^J$D^ft§ CUAIO2 ^ LaCuOS ^ NiO ^ CuGaOj ^ SrCuzOj - 

i^mmtu'^mmm uo^m^it'^mi^m i2o>ii— m@ 160 
mm=.mm 170° , h^^^^^^^m 120 f^ie^s^^s 
15 no ± . j.ffl^f-fc^^^» 120 wuu^i^m~mmm^ 
mmm 122 ^ itLnm-mmm^^m^m 122 
^m^m 124 ' Dx^^iiLnmytm 124 ±^m=:-mmm^m 
i^m 126 o * m—mmm^mmm 122 -m^m 124 
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i5omm=-mi^^m i6o » 



mn0^m 2 1 
150 ^^m—m 



122 mm^m^mm 160 



^^m=:-mmm^mnm 126 jtm > -am-m=^ 140 -f^^i 
mnm-m^mm 150 ^jfi^m^M^ii^^^^s 126 
=:-m^Bm 160 ^^m-mmm^mi^m i22;^r^^]it^ ■ 
m—mm 130 ^ m^nm 140 i^ARm—mi^mm 150 -r^; 

200 ' mM—um 130 > nzirn® 140 i^xr 
m=:.mi^^m 160 {^^^^^jfu-^^ 300 > ^mtiu-^mm 

-@ff 300 200 mn^m ' I'^iMit^Tfe- 

200 ^u^mmmmm^mm " 

' m-s^t^is=^ 150 mmr-m^^kmm 160 



^m^-mm 300 200 iifT: 



2 MnJ 



^ ' 300 l^^^fezi®^ 200 6lJ^<^ 

M 122 ^ mytm 124 i^>is:ii^M^ii#^fi» 126 > mii 
'iknmpfrmf^j^m-mmm'^mmm 122 124 j^^i 



150 isim-^)t^ig« i6o( 2 mmm^ ) " astst^ no 
:$:Mi^mmmum > ]!(^ii^;^m-^)f^ig^ 150 mm^m 

frp;^^— mi® 130 ^ m~mm 140 5^±^s^ no ± » gp 
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^m^ur^mn 300 mm^=^mm 200 mm^mmmm » 
±mjtm--mmm'4^mmm 122 mm^f^^Bmrn 
122a ^ mmm 122b ism— 122c > ^^^m^m 122a 

f^filJ^Stg 110±'fTnM®M l22bi^^^M,^m 122a± » 

j-^-^Ms 122c i^.iiL-^mmm 122b ;i§^53^isi^± ° itt 

^ • ^-Mit^^^MM 126 F!j$P^igm-^MM 126a > 

mmm 126b ia^B^^«M 126c ' n^m—y^mm i26a^ 

f3lft^3feM± 124 ' ffn^ilM 126b f^fi:a||-^MM± 

126c ' aMB^^ms 126c i^.iiLnmmm 126b ± - 
m<tm ^ ^ ( Si) ^ m<tmmmitm » itb^ • m~mmm 

'^m^m 122 ;^H^MM 122a ^J$D^M AlJnfGa,.e.fN ♦ e > 
f>0 ; 0<e+f<l ' n^B^mm 112a i^.U N M^H ° ' 
112b ^!J$P^M AlJnjGai.e.dN • c > d>0 ; 0<c+d<l » 

^^mmm 112b ^11 $p:^ n mmm > mh— 112c 

^U'feM AlJnyGa,.^.yN ' x ^ y>0 ; 0<x+y<l ; x>c ° 

±.m:^mytm 120 ^J^P^M^il;^ AlJnbGa,.3.,N 
/AlJnyGa,.,.yN ' ^ a ^ b>0 : 0<a+b<l ; x ^ y>0 : 

0<x+y<l ; x>c>a ♦ ^^m^M 120 mtU N M^H^ P M 

° itb^ ' ^^nmrn^m-ytm 120 ^ri^Rj^fflT^^^;^ 

AlJnbGa,.,.bN /Al,InyGa,.,.yN 4 ^ # |g ' ^ a ^ b>0 ; 
0<a+b<l ; X - y>0 ; 0<x+y<l ; x>c>a » 

^±.m7^m^m^m^m'^m 126 ^ > m-^mm 

126a ^!l$P'g.fg Al^InyGa,.^.yN ' x ^ y>0 ; 0<x+y<l ; x>c « 
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mmmm 126b mmmm^B^mmm ' ^^m^a^mmm 

mtiU'^mmmmm^t Al„In,Ga,.„.,N /Al,InyGa,.,.yN 

' K u - v>0 ; 0<u+v<l ; X - y>0; 0<x+y<l ; x>u • M 

Rm^m^mmmmm n mmmm p mmm • 

* ;^ m — « @ 130 M $0 ^ 3$ Ti/Al ^ 

Ti/Al/Ti/Au ^ Ti/Al/Pt/Au - Ti/Al/Ni/Au - Ti/Al/Pd/Au - 
Ti/Al/Cr/Au > Ti/Al/Co/Au - Cr/Au ^ Cr/Pt/Au - Cr/Pd/Au > 
Cr/Ti/Au - Cr/TiWx/Au ^ Cr/Al/Cr/Au ^ Cr/Al/Pt/Au ^ 
Cr/Al/Pd/Au ^ Cr/Al/Ti/Au ^ Cr/Al/Co/Au > Cr/Al/Ni/Au > 
Pd/Al/Ti/Au ^ Pd/Al/Pt/Au > Pd/Al/Ni/Au ^ Pd/Al/Pd/Au - ^ 
Pd/Al/Cr/Au ^ Pd/Al/Co/Au > Nd/Al/Pt/Au > Nd/Al/Ti/Au - 
Nd/Al/Ni/Au ^ Nd/Al/Cr/Au Nd/Al/Co/A > Hf/Al/Ti/Au ^ 
Hf/Al/Pt/Au ^ Hf /Al/Ni/Au ^ Hf/Al/Pd/Au ^ Hf/Al/Cr/Au ^ 
Hf/Al/Co/Au ' Zr/Al/Ti/Au ^ Zr/Al/Pt/Au ^ Zr/Al/Ni/Au > 
Zr/Al/Pd/Au - Zr/Al/Cr/Au - Zr/Al/Co/Au > TiN^/Ti/Au - 
TiN^/Pt/Au > TiN^/Ni/Au ^ TiN^/Pd/Au ^ TiN^/Cr/Au ^ 
TiN^/Co/Au TiWN^/Ti/Au - TiWN^/Pt/Au > TiWN^/Ni/Au > 
TiWN^/Pd/Au > TiWN^/Cr/Au > TiWN^/Co/Au ^ NiAl/ Pt/Au ^ 
NiAl/Cr/Au ^ NiAl/Ni/Au ^ NiAl/ Ti/Au ^ Ti/NiAl/ Pt/Au > 
Ti/NiAl/ Ti/Au ^ Ti/NiAl/Ni/Au ^ Ti/NiAl/Cr/Au » 

' ^ — m@ 140 mtiW^t^ Ni/Au^ Ni/Pt ^ 
Ni/Pd ' Ni/Co > Pd/Au - Pt/Au - Ti/Au - Cr/Au > Sn/Au - Ta/Au - 

TiN > TiWN, ^ wsi, ' m^~nm 140 MRi^fflM^n n m 

p mmmmnmitm > k n m^ibj^* 
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M.'itM^^ltlU'^l^ ITO ^ CTO ^ ZnO:Al ^ ZnGaiO^ - SnOziSb ^ 
GazOaiSn > AglnOziSn ^ InjOsiZn > ^ cfn P SyM^v^^WS. 
itMMtlU'^t^ CuAlOz^ LaCuOS ^ NiO^ CuGa02 ^ SrCuzOj" 

^^±Mt;^«jg^!j4^ ' 126c mmi^.mmn 

mmm 126b ± > {S^:$:#B^;^^-^f^*:5SMM^:aW 

126c ' cff^mm^mm^m&i} ° 

m^=:-mmBm^mnmmm ° 300 

zLum 200 mm > ^53^??it-@^ 300 mm^m > J^:>ii5^ih^ 



300 ^mmmmi"^ ' miai.^^)fEr:@^ 300 
^Mit^fti " miEmmi^i^mmmnm^^mmi 200 
v+i^ v-m ' 200 ;^ p > N mmjzm^^m 

±m\^mm, ' ftf##7fe-@fi 200 <> ' 



f^fi^^^-@^ 300 iifTS^«' M^IMiii^Tfe^^fi 200 . 
Hltb#3fe^@^ 200 ^#|^^S«JM^iSllJE;^#«S^« 

130 i^.mmm^=^mm. 200 122b 

r.mm. 300 ;^^HJ^«J 



IM 126c ' Km~M® 140 f^il 

200 ^mmmmm 126c i^:^^-®^ 300 

®M 122b » 



12241twf.doc 



15 



m IB mm^^^um^mmmm^tim^m^-mm^ 



30 - 200 : 
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32 : m^^MB 

34 : N m^^M^itmrn 
36 : p mmmmitmm 

38a ' 38b : MM 
40 : 

42 : N m^m^ 
44 : p mmm^ 

46a > 46b : ^1 
50a - 50b : i 



110 

120 
122 
122a 
122b 
122c 
124 : 
126 : 
126a 
126b 
126c 
130 
140 
150 
160 
300 



^mmmm 
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e - ^0 ; 0<e+f<l ° 

dN ' c > d>0 ; 0<c+d<l ° 

Al,InyGa,.^.yN » x - y>0 ; 0<x+y<l ; x>c « 

/AlJnyOai.^.yN M^^^M ♦ J. a ^ b>0 ; 0<a+b<l ; x > y>0 ; 
0<x+y<l ; x>c>a «> 

bN /AlJnyGa,.^.yN ' ^ a - b>0 ; 0<a+b<l ; x ^ 
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y>0 ; 0<x+y<l ; x>c>a » 

lA.tLu^mmmmmm 13 mmmj^M'nmmmm:^j3m 

AljHyGai.^.yN ' X - y>0 ; 0<x+y<l ; x>c ° 

Kmm^^^mmm'^^mmmm^ Aijn,Ga,.„.,N 

/AlJnyGa,.,.yN ' J. u > v>0 : 0<u+v<l I x ^ y>0; 

0<x+y<l ; x>u ° 

m^=-mmmm > ti/ai ^ 

Ti/Al/Ti/Au v Ti/Al/Pt/Au ^ Ti/Al/Ni/Au - Ti/Al/Pd/Au - 
Ti/Al/Cr/Au - Ti/Al/Co/Au - Cr/Au - Cr/Pt/Au - Cr/Pd/Au - 
Cr/Ti/Au ^ Cr/TiWx/Au > Cr/Al/Cr/Au > Cr/Al/Pt/Au ^ 
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Cr/Al/Pd/Au > Cr/Al/Ti/Au - Cr/Al/Co/Au - Cr/Al/Ni/Au > 
Pd/Al/Ti/Au - Pd/Al/Pt/Au - Pd/Al/Ni/Au > Pd/Al/Pd/Au - - 
Pd/Al/Cr/Au ^ Pd/Al/Co/Au - Nd/Al/Pt/Au > Nd/Al/Ti/Au - 
Nd/Al/Ni/Au - Nd/Al/Cr/Au Nd/Al/Co/A ^ Hf/Al/Ti/Au > 
Hf/Al/Pt/Au > Hf /Al/Ni/Au > Hf/Al/Pd/Au > Hf/Al/Cr/Au > 
Hf/Al/Co/Au - Zr/Al/Ti/Au ^ Zr/Al/Pt/Au - Zr/Al/Ni/Au ^ 
Zr/Al/Pd/Au ^ Zr/Al/Cr/Au > Zr/Al/Co/Au ^ TiN^/Ti/Au ^ 
TiN,/Pt/Au ^ TiN^/Ni/Au ^ TiN^/Pd/Au ^ TiN^/Cr/Au - 
TiN^/Co/Au TiWN^/Ti/Au ^ TiWN^/Pt/Au ^ TiWN^/Ni/Au - 
TiWN^/Pd/Au > TiWN^/Cr/Au > TiWN^/Co/Au - NiAl/ Pt/Au - 
NiAl/Cr/Au > NiAl/Ni/Au ^ NiAl/ Ti/Au > Ti/NiAl/ Pt/Au ^ 
Ti/NiAl/ Ti/Au ^ Ti/NiAl/Ni/Au - Ti/NiAl/Cr/Au o 

my6=-mi§.^m • ^^^^-m@;5:#M^^^ Ni/Au> 

Ni/Pt - Ni/Pd - Ni/Co - Pd/Au - Pt/Au > Ti/Au > Cr/Au - Sn/Au - 
Ta/Au > TiN ^ TiWN^ WSi, ^ cf: — » 

mmm.itmm-' p sy^B^^m^.itM^'+i;^- » 

CTO ^ ZnOiAl ^ ZnGa204 - Sn02:Sb ^ GajOaiSn ^ AglnOziSn 



12241twf.doc 



21 



CuAlOj ^ LaCuOS > NiO - CuGaOj 1^ SrCujOj ^ 4^ » 
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